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Introduction: ATLAS and LHC at CERN

0 Large Hadron Collider (LHC) = largest and highest energy particle
accelerator 25m

0 Completed at CERN in 2008, since 2010 in operation for physics

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector

0 ATLAS is one of the two large, general-purpose experiments at the LHC
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https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08003
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0 Nominal LHC bunch crossing frequency: 40 MHz (25 ns spacing)

0 Pileup: multiple interactions per crossing (~50 for current LHC Run 3)

= Extremely challenging environment for the experiments
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The Liquid Argon calorimeter system

QO Sampling calorimeter with Liquid Argon
(LAr) as active medium

0 Provides energy measurement and particle
identification

0 Serves as input for the ATLAS level-1 trigger
O ~ 80 m3LAr in detector & tanks
Q >182k LAr channels

LAr electromagnetic
end-cap (EMEC)

LAr electromagnetic

barrel(EMB
( ) LAr forward (FCal)

CERN-LHCC-96-041
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https://cds.cern.ch/record/331061

Operation principle and signal readout CERN-LHCC-2013-017
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https://cds.cern.ch/record/1602230?ln=en

Cells in Layer 3
ApxAn = 0.0245%0.05

EM calorimeter design

0 |ead absorber
0 0.9-2.8 mm LAr gaps in barrel

0 Accordion geometry: uniform coverage in ®

Square cellsin
Layer 2
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0 Parallel plate electrodes

Q 2 parts Cu-LAr

O
L
L

FCal 3|

|||||||||||||||||||||||||||||||||||

- FCal 1

600

500

A

Hadronic (HEC) and forward (FCAL) calorimeter

650 7 (cm)

550

450

400

350

g
o 00
ﬁ@%O%O%OO
O~©

CERN-LHCC-96-041

02020%202020%20%0
03050303030903¢
0969590945

069626969626%96

050505070 O

O0~O
OS0S0<0
050037030 O

0

O

020%9¢

O

C30303973050/0/0/¢

O

(
(

¢

0]

1226

@)

O

@)

(0]

@]

o

o

O
O
o

O

0209q
0209

o

0202020205

@)

020

]
O

)

~

590
0%

590

590
090¢

090°0°0°0¢

E
AEEVL m
v oz o%oeg 7
X
)
Mm —
A v
] (@]
ww 5
- | -
O ®© ©
W @) o
2 < E 5
o 9 <
C ()]
c .= mw 4
s =
£ 2 g8
c O
- B N £
-] @)
) WM mw +
Q O o
2}
©c % uy °
858 &3
-,
~ VS gm
aVCFS
m Zo ad 10
g a4 )

FCAL:

EXPERIMENT

SPATLAS

Slide 7

Madrid, 22th of September 2023

LIDINE 2023
Tom Krel3e

TECHNISCHE
UNIVERSITAT
DRESDEN


https://cds.cern.ch/record/331061

HEC cold electronics

0 Only calorimeter with active cold electronics: ~35k preamps, ~9k summing amps, ~5.6k readout channels

0 GaAs ASICs at outer radius of the HEC inside cryostat: stable operation at cryogenic temperatures

O After first 6 years only 5 dead channels (< 0.1%)
= No need to replace for HL-LHC
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LArCaloPublicResultsDetStatus
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicResultsDetStatus
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicResultsDetStatus

LHC schedule and upgrade plans

‘ iLumMl ’
LARGE HADRON CDI__LIDEH
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energy
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oa Lo Lo Lo [ oo 2
5to 7.5 x nominal Lumi
ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS
beam pipes

nominal Lumi 2 x nominal Lumi, ALICE - LHCb 2 x nominal Lumi HL upgrade

75% nominal Lumi I/— upgrade ! !
30 fb! m m integrated JELULRIS

HL-LHC TECHNICAL EQUIPMENT:

luminosity ELDTIR R

DESIGN STUDY L PROTOTYPES / CONSTRUCTION | INSTALLATION & COMM. ”H PHYSICS
. HighLuminosityLHCProject
0 Phase-l upgrade during LS2

= Provided digital trigger inputs to cope with higher luminosities v/

0 Phase-Il upgrade during LS3 for HL-LHC starting in 2026
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https://hilumilhc.web.cern.ch/sites/default/files/HL-LHC_Janvier2022.pdf

Phase-l upgrade motivation: Super Cells (SC)

QO New LAr trigger system for high pile-up environment

= SCs with much finer granularity than Trigger

0 Better trigger energy resolution CERN-LHCC-2013-017
0 Higher efficiency in selecting physics objects

Layer 3
AnxA® = 0.1x0.1

0 Challenge of much higher data flow (~25 Tbps)

Super Cells

Trigger Towers

AnxA® = 0.1x0.1

Layer 2
AnxA® = 0.025x0.1

Layer 1
AnxA® = 0.025x0.1 10

Layer 0 0
AnxA® = 0.1x0.1
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https://cds.cern.ch/record/1602230?ln=en
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/L1CaloTriggerPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/L1CaloTriggerPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicStableBeam2023DT
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicStableBeam2023DT

CERN-LHCC-2017-018

HL-LHC challenges - Phase-Il upgrade
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https://cds.cern.ch/record/2285582
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicResultsUpgrade

Summary o [ RUNNING | car il ¢

LAr hadronic . w 7
end-cap (HEC) - / — ,
\ !
X

LAr electromagnetic
end-cap (EMEQ)

Q LAr calorimeter performing exceptionally well in a T 4
challenging environment Ar forward (FCal
0 Trigger system successfully upgraded during LS2
0 On track for Phase-Il readout upgrades
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Thank you for your attention!

Questions?
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Backup
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High voltage system operation 4

QO LAr calorimeter cells set to HV of 1-2.5 kV

Q HV values monitored via Detector Control System / t
(DCS) and stored in conditions DB Small T
0 Only ~6% of HV regions working at reduced voltage data loss Can be corrected offline
LAr correction factors for reduced High Voltage
Q Corrections can be applied during energy £
reconstruction 5
= Only small loss of accuracy e
2103
£
=102§—
LArCaloPublicResultsDetStatus 't L ﬂ . N AT | R
1 1.2 1.4 1.6 1.8 2
30. Aug. 10 HV correction factor
() s Lo ATLAS
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicResultsDetStatus

The ATLAS detector e
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Tile calorimeters

¢ LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08003

Calibration system

amplitude (a.u.)

o o
» @

Mgy,

LArCaloPublicResultsDetStatus

> ADC to DAC (Ramps) Pulse Samples

Mramps -Nsam ples
— L 1 -
Ecel = FypsMevFDACuaT—— 2. Bi| D 4 (Sj - E—')
pPhys ;=1 =1
Cell Sampling @ Calibration
Sli=lie fraction board Optimal Filtering Coefficients Pedestals
Typical calibration data set (in 3 gains):
0 Pedestal (random triggers) - baseline, noise, auto-correlation
0 Ramp (set of different amplitudes) -  electronics gain
0 Delay (set of different phases) - pulse shape, obtain OFCs
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicResultsDetStatus

Phase-l electronics upgrades

CERN-LHCC-2013-017
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https://cds.cern.ch/record/1602230?ln=en

Cells in Layer 3
ApxAn = 0.0245%0.05

}‘\TriggEr TOWEI‘
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EM calorimeter design

0 Copper/kapton electrodes

T"QQEr
TDWEr

O Lead absorber N ag™
0.0932

Q0 2 mm LAr gaps in barrel

= 0.9-2.8 mm in endcaps '\/\/ -
0 Accordion geometry: uniform coverage in ® ,'/..,..A\,L/;__ e sare callaIn
. \l\ W’ Layer 2
0 Readout from front and back, signals led to il ,
Front-End electonics outside cryostat . srlﬂ""h : — 0-10245
. mf?_:d_ An =
=~ Warm low-noise GaAs preamps A 4n = 0,053 ™mm 025

Strip cellsin Layer 1

0 Presampler used to correct for energy loss ~—Cells inPS CERN-LHCC-96-041
upstream of the calorimeter AnxAd =0.025x0.1 -

0 Front layer used in particle identification
(photon vs. %)
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